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Abstract. Credit-scoring becomes increasingly important in poor economies and reces-
sions. Decreasing liquidity due to reduced access to both money and debt markets has in-
duced banks to impose restrictions on offering credit, including credit for mortgage loans. 
In this paper we analyze the internal rating system used by one of the top-five banks in 
Portugal, and propose a methodological framework which, based on an application of the 
Delphi technique, allows adjusting trade-offs among evaluation criteria and provides deci-
sion makers with a fairer, more accurate and transparent mortgage risk evaluation system.
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1. Introduction
Housing acquisition is generally the largest investment for most households, thus requir-
ing careful analysis from all economic agents involved in the transaction (e.g. individu-
als, families, credit institutions). Since most families do not have the capital available 
to outright purchase a residence, mortgages in the form of bank loans are the most 
common solution for home acquisition. However, because of the effects of the current 
economic conjuncture, regulators have been encouraging banks to develop more so-
phisticated risk models with the purpose of “better quantifying the financial risks they 
face and assigning the necessary economic capital” (Lopez, Saidenberg 2000: 152). 
From this standpoint, remarkable progress has occurred recently in terms of credit risk 
modeling (for a categorized literature review, see Altman, Saunders 1998; Crook et al. 
2007; Suhobokov 2007; Ince, Aktan 2009; Yu et al. 2009; Wang et al. 2011). Still, as 
recognized by many (e.g. Altman, Saunders 1998; Lopez, Saidenberg 2000; Doumpos, 
Zopounidis 2001; Doumpos et al. 2002; Mačerinskienė, Ivaškevičiūtė 2008; Thomas 
2009; Twala 2010), despite the strengths and widespread application of current meth-
odologies, models, techniques and/or simple applications, each solution has specific 
drawbacks where clarification is required on a number of issues. For example, Ferreira 
et al. (2011) observed a lack of transparency in the way trade-offs among evaluation 
criteria are made explicit. From this perspective, this paper analyzes the internal rating 
system used by one of the top-five banks operating in Portugal, in terms of mortgage 
loan risk analysis. In fact, based on a Delphi panel composed of mortgage loan risk ana-
lysts from the bank being analyzed, this paper contributes to the credit-scoring literature 
by formulating an approach allowing for the readjustment of trade-offs among criteria 
and introducing additional transparency in the decision-making process.
Methodologically, we analyze the major modalities of mortgages in Portugal, and the 
major performance measures included in the bank’s current system, allowing for a bet-
ter understanding of and insight into the current mortgage process. Understanding the 
mortgage process is extremely important for the application of the Delphi technique and 
for promoting consensus among panel members, which may ultimately lead to new scru-
tiny among evaluation criteria, and to a fairer mortgage risk evaluation system. To the 
best of our knowledge, this constitutes a novel approach in the credit-scoring literature.
The remainder of the paper is structured as follows. Section 2 reviews existing literature 
on mortgage lending, credit scoring and importance for a country’s economy. Section 3 
describes the current system used by the bank, and sections 4, 5 and 6 discuss the ap-
plication of the Delphi technique, its results in terms of trade-offs readjustment, and the 
advantages and disadvantages of our analysis, respectively. Section 7 tests the “new” 
model, and section 8 concludes the paper.
2. The relevance of mortgage loan for a country’s economy
As mentioned previously, buying a home is generally the largest investment for most 
households, and since most families have only a small portion of the capital required 
to purchase a home, bank mortgage loans (ML) are the most common solution for 
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home acquisition. Historically, mortgage lending has allowed the private sector to sat-
isfy stakeholders’ interests, and stimulate the economy because it allows for: (1) the 
development of the housing construction industry, which secondarily supports related 
business activities; (2) direct and indirect stimuli of job growth, contributing to a higher 
employment rate; (3) expansion of the financial services industry; (4) productivity in-
creases by providing a demand for domestically supplied goods and services that meet 
existing housing needs; (5) increases in the circulation of money among economic 
agents; and (6) significant contribution to the country’s Gross Domestic Product (GDP) 
(i.e. wealth-generating economic conditions and increasing money circulation contribute 
to GDP growth). In this sense, mortgage lending has a significant impact on a country’s 
economy, not only because it stimulates increased household consumption (Lima et al. 
1995) but also because it offers the possibility to reduce unemployment, which, in 
turn, boosts productivity and generates greater economic wealth by increasing money 
circulation and the need for more products and/or services. Furthermore, as pointed out 
by Mari and Renò (2005: 83), the importance of ML for a country’s economy is based 
on a reciprocal influence (i.e. in a slumping economy, there are no positive impacts on 
real estate). Quoting the authors, “the market for mortgage loans is of primary impor-
tance in any developed country, and its quality is directly connected to the quality of 
the whole economy”.
2.1. Mortgage lending in Portugal
Renting has always be an unfavourable option in the Portuguese housing market due 
to, among other reasons, legislation and heavy bureaucracy (for further details, see 
Constantino 2011). As such, home purchase was the preferable option during recent dec-
ades, and banks, pressured by chronically low margins, turned to mortgage lending. As 
illustrated in Figure 1, mortgage loans represent 46% of the credit portfolio in Portugal.
The scenario presented in Figure 1 can also be explained by the current economic 
conjuncture, which denotes a reduced employment rate, salary reductions and increas-
ing individual and corporate taxes. Thus, because of reduced income and less personal 
capital, people have no option other than to request mortgage loans. Nonetheless, be-
cause Portuguese banks have been losing access to money and medium-term and long-
term debt markets, they have been following the directions of the European Central 











Fig. 1. Credit portfolio in Portugal
Source: Constantino (2011, adap.).
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observes that these restrictions negatively impact the Portuguese economy, but became 
more a requirement than an option. Table 1 presents the existing four pillars on which 
the mortgage credit typology is based in Portugal (i.e. general regime, disabled regime, 
subsidized regime, and young subsidized regime).
For the proper functioning of the four regimes of mortgage loans identified in Table 1, 
a few features need to be clarified. These features are related to the interest rate, type 
of reimbursement, and guarantees (Table 2).





Subsidized and Young Subsidized
Regime
Integrates households 
wishing to purchase 
housing under the 
Decree-Law 349/98  
of November 11th 1998.
Is intended for individuals 
with a disability degree 
equal or greater than 
60%, allowing access 
to a cheaper acquisition 
system, regulated by the 
Decree-Law 43/76 of 
January 20th and  
202/96 of October 23rd.
Previously regulated by Article  
13th 349/98 of November 11th  
and by Regulation 1177/2000  
of December 15th, this regime changed 
after September 30th 2002, remaining 
the imposition of proof on the number  
of household members.
Source: Banco de Portugal (2011a).
Table 2. Mortgage loan interest rate, reimbursement and guarantees
Modalities Description
Interest Rate Fixed Interests vary according to variations  
of the indexed rate
Progressive Interests increase in accordance with  
the time course
Mixed Combination of regimes
Reimbursement Pattern The French method is applied
Grace Period Period of time where there is payment  
of interests without capital amortization
Deferred Capital Part of capital in debt is postponed to  
the end of the loan
Guarantees Hypothec Serves as a guarantee in case of absence  
of debt payments
Bail A third economic agent will pay the debt  
in case of default
Life Insurance Covers the loan in case of disability or death
Source: Banco de Portugal (2011b).
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2.2. The importance of mortgage loan risk evaluation
After framing the existing regimes of ML in Portugal, it is important to understand 
how the decision process works, considering several administratively pre-established 
weighted evaluation criteria. It is important to bear in mind that these criteria (and re-
spective weights) are the basis of the evaluation of a loan request, and ultimately will 
support the decision of approving or disapproving the loan. There are three major phases 
of the mortgage loan evaluation process: request entry, process analysis, and decision.
Detailed explanations of the different phases of the process are beyond the scope of this 
paper. However, in broad terms, the process begins with a request entry, where clients 
formalize the request for the desired mortgage loan. In order to define the customer 
profile, several documents are included in the process: (1) identity card; (2) taxpayer 
number; (3) receipts of the last three Pay periods; (4) IRS and settlement note; (5) bank 
account balance; (6) plan of the house, and building handbook (required for property 
valuation); and (7) building license (necessary if the aim is to build). In the second 
phase of the process (i.e. process analysis), the level of risk associated with the client is 
determined. To this end, banks have a fundamental tool for the risk evaluation process, 
called Consultation of Credit Responsibilities (CCR), which is provided by the Banco 
de Portugal (BP) (i.e. Portuguese Central Bank), and allows banks to access accurate 
and reliable information on the client’s profile, given the client’s written permission. 
Among other things, this CCR operational tool allows financial institutions to define 
the level of responsibility (borrower/guarantor), the credit situation (degree of payment 
compliance), the typology of the financial product, and the type of guarantee (see again 
Table 2). Analyzing the customer’s profile is just one of the components of the evalua-
tion process. Other components consider the evaluation of the property. The third phase 
of the process (i.e. decision) follows from the composite results among the different 
components of the process. Thus, banks have internal ratings for credit-scoring, which 
provides supporting evidence for the final lend or reject decision.
2.3. Internal rating system for credit-scoring
The different phases of a mortgage loan evaluation process briefly presented in the pre-
vious subsection help in assessing the risk of the customer, and/or the credit operation. 
Obviously, different risk levels will require different interest rate spreads. Based on 
the Basel directive, spreads should be defined within the scope of limiting the risk for 
banks. Correspondingly, banks have conceived and developed internal rating systems 
for credit-scoring, which measures the risk of each credit transaction. In the Portuguese 
financial system, the most common evaluation criteria included in the internal rating 
systems are:
– Loan-To-Value (LTV): Balances the funding with the guarantee associated to the 
operation;
– Rate of Effort: Calculates the customer’s capacity for paying the loan;
– Customer’s Age: Considered a key factor not only for the credit institution but also 
for the insurance company that will provide the guarantee;
Journal of Business Economics and Management, 2013, 14(4): 715–740
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– Professional Status: Considers knowledge of the client’s employment situation;
– Household: Indicates the funds available to meet the primary needs of the client;
– Involvement: Assumes a cross-selling perspective and contextualizes the client by 
providing information on his/her bank account average balance, existence of finan-
cial investments, credit cards, and other existing banking products.
A composite of the above criteria results in either a “favourable” or “unfavourable” 
lending decision. In practice, these outcomes are based on a “1” to “10” scale, which 
also determines the interest rate spread (further details are presented in section 3). In 
Portugal, due to the current social and economic situation, mortgage lending underwri-
ting requirements imposed by financial institutions tend to be severe. Among others, 
these requirements include the reduction of the LTV and the adoption of long-term 
loans. The associate spreads and indexed rates also tend to be high, and often unafford-
able for most families.
3. The current model for mortgage risk evaluation
Regardless of how financial institutions innovate and modify the modalities of mortgage 
loans, this credit underwriting process, and respective calculation of the risk associated 
with each client, usually is based on similar evaluation criteria. In the next two sub-
sections, we specifically describe the internal rating system for mortgage loans credit-
scoring used by one of the top-five banks operating in Portugal. Insights of the analysis 
will assist in understanding how the decision process works, and the way composite 
results from the criteria are made explicit.
3.1. Criteria generally considered
As previously discussed, the internal ranking system for credit-scoring is a tool that 
helps banks in evaluating underwriting risk of mortgage loan requests. However, the 
criteria presented in subsection 2.3 are usually insufficient for an accurate risk evalu-
ation. As such, banks are forced to consider a wider range of information (i.e. more 
information about a client will generally result in a more reliable underwriting credit 
score). After due consideration of the variables, two types of analysis should be per-
formed: documentary analysis and behavioral analysis. Documentary analysis is a study 
performed by financial institutions using data collected from the documents submitted 
by the client. This includes:
– IRS/Settlement Note: Allows knowing the number of household elements, and cal-
culating the rate of effort;
– BP Responsibilities: This item also enables calculation of the rate of effort based 
on classified information;
– Property Assessment: Allows calculating the LTV;
– Banking Extracts: Allows calculating the average balance of the client’s bank ac-
count, and checking if the client is (or not) averse to savings. This also allows the 
institution to ascertain the ability of self-financing of their customers;
– Employer Declaration: Reveals the type of contract, in terms of job stability, es-
tablished between the client and the respective employer.
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The behavioral analysis is used in conjunction with the documentary analysis to iden-
tify the client’s age, degree of involvement with the financial institution (i.e. existence 
of low, intermediate or high number of products utilized, such as: debit/credit cards; 
insurances and saving accounts and/or deposits) and other client features. To illustrate 
the current model of analysis, Table 3 presents the clusters of variables (and aggregated 
weights) included in the decision process.
Table 3. Clusters of variables and aggregated weights of the current credit-scoring model
Cluster Variables Aggregated Weight
Customer Characteristics Profession, Employment Situation, 
Marital Status, Age and Household
0.30
Customer Behavior Cross-selling, Deposit Portfolio, 
Average Balance
0.15
Customer Documental Analysis Rate of Effort, Responsibilities  
in BP, LTV, Existence of Guarantors
0.50




The information presented in Table 3 improves the understanding of the process be-
cause, among other things, it allows the conclusion that the customer documental analy-
sis, which includes variables such as rate of effort and LTV, is the cluster with major 
impact on credit evaluation.
3.2. Limitations of the current credit-scoring system
Table 3 demonstrates current mortgage risk assessment models applying an unknown 
number of related criteria that sometimes results in inconsistent conclusions (i.e. un-
known variables may be allocated to the Other Variables category). It is important to 
identify major limitations of the current evaluation model, clarify the evaluation mecha-
nisms and introduce transparency in the decision-making process. Figure 2 presents the 
major limitations of the current credit-scoring system for mortgage loans.
 Considering that weights are independent of the
geographic area and, thus, common to all bank
branches of the bank, there is a real possibility 
of inappropriate weighting.
 There is no prior knowledge of how trade-offs among
evaluation criteria have been defined, which reveals
lack of transparency and makes some of the final
decisions difficult to understand.
 There is no flexibility in terms of trade-offs.
 Unable to consider behavioral variables.  
Fig. 2. Limitations of the current credit-scoring system
Source: Administrative information.
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As previously discussed, the limitations of the current credit-scoring system contribute 
to possible incoherent predictions that should be analyzed. The current mortgage scor-
ing system is based on a “1” to “10” scale where a credit approval takes place when 
credit scores are between “1” and “5”, and a credit refusal occurs when credit scorings 
are strictly above “5”. However, a client may score “1” (i.e. very low-risk), but if the 
bank is aware of anomalies, such as if a client does not respect his/her commitments, 
then the mortgage loan should not be approved.
Given that credit risk assessment includes variables that are translated into ratios, and 
ratios are usually lagged indicators (Ferreira et al. 2011), it is important to recognize 
that results may be poor predictors of future reality. Based on this premise, the follow-
ing sections describe how the Delphi methodology may be applied to allow trade-off 
readjustments, and to incorporate the knowledge and experience of bank professionals 
in the decision-making process. We are confident that our process-oriented framework 
will result in a more accurate, fairer and more transparent mortgage evaluation system.
4. Methodological framework
4.1. Brief background of the Delphi technique
According to Dalkey and Helmer (1963), Ferreira (2003), Hsu and Sandford (2007), 
among others, the Delphi technique was developed in the 1950s by Norman Dalkey, 
Olaf Helmer, and a team of collaborators at the RAND Corporation to solve problems 
for the USA Air Force.
The Delphi technique begins with the development of an individual survey, which 
should be completed by a number of individuals considered experts on the topic under 
consideration. As argued by Ferreira and Monteiro Barata (2011: 246), the method is 
based on “a well-established sequence of successive individual questions supplemented 
with information and advice, which permits correcting the first stages of the process. 
[…] it is a tool, which, under certain parameters, enables consensus. […] and is based 
on the rational principle that ‘n’ human minds are better than one when confronting the 
lack of precise knowledge about a certain subject”. In this sense, the technique should 
allow for consensual and realistic results, and its basic principles are anonymity, con-
trolled feedback, and statistical treatment of the responses. See Figure 3 for a better un-
derstanding of the Delphi technique and its operational structure (for further details, see 
also Dalkey, Helmer 1963; Dalkey 1969; Ferreira 2003; Šečkutė, Pabedinskaitė 2003; 
Hsu, Sandford 2007; Fernandes 2010; Ferreira, Monteiro Barata 2011).
As previously mentioned, the results of the Delphi method are presented through statisti-
cal formulation. As indicated in Ferreira (2003), the results are defined by a function: 
G = Gj(I, E, R), which reflects the response of a given group Gj to a certain event E, where 
I is the number of individuals, E is the event space (discrete or continuous), and R is the 
domain of answers, which is reflected in an estimation for each event and individual of 
the group. It should be noted, however, that this formulation may be based on different 
components of statistics, such as measures of central tendency (i.e. mean, median, mode or 
quartiles) or dispersion (i.e. standard deviation, variance or semi-interquartile amplitude).
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4.2. Strengths and weaknesses of the Delphi technique
As in other methods, the Delphi technique has strengths and weaknesses. Figure 4 presents 
some of the advantages and shortcomings of the Delphi technique, as suggested in the 
literature (e.g. Dalkey, Helmer 1963; Dalkey 1969; Ferreira 2003; Šečkutė, Pabedinskaitė 
2003; Hsu, Sandford 2007; Fernandes 2010; Ferreira, Monteiro Barata 2011).
Ferreira and Monteiro Barata (2011) describe how the Delphi technique has been ap-
plied in a wide range of different areas, such as: politics, economics, public finance, 
and operations management. It is a tool that allows for the treatment of several different 
themes, boosting knowledge among the participants through a feedback loop that allows 
reflection on the early judgments and, when needed, correcting previous answers. The 
survey is individual and confidential, allowing participants to express themselves with-
out the influence of the organization hierarchy. In accordance with the Joint Research 
Centre (JRC 2011), the Delphi technique may be applied in isolation or associated with 
other methodologies, and it should be noted that the process not only allows organiza-
tions to be able to identify existing problems and provide possible resolutions but also 













Start of the Delphi Process
Problem Definition
Determining the Experience












and Prepare the Answers 
Preparing the Next Round
Compile the Final Answers
and Disseminate Results 
End of the Delphi Process
No
No
Fig. 3. Structure of the Delphi Method
Source: Zapata, in Ferreira (2003, adap.).
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 Allows the treatment of different topics;
 Opinions are not judged;
 Does not require physical presences. 
 Experts are chosen;
 Answers maybe indirectly persuaded;
 “Poor” elaboration of the survey. 
Fig. 4. Advantages and shortcomings of the Delphi method
On the negative side, experts with certain expertise may not be readily available, thus 
often limiting the scope of the applications. Another negative factor regards the appli-
cation of the survey, where questions may be misunderstood by the respondents, thus 
jeopardizing the results simply because the technique does not require the physical 
presence of the agents involved in the process. Also, the statistical treatment of the 
answers provided to the respondents after each round may be considered an influenc-
ing factor (i.e. an individual may feel forced to answer according to the responses of 
the group). Lastly, the existence of rounds also means that respondents may no longer 
wish to participate, either because the survey is always the same or because it becomes 
time-consuming.
In the next section, we present and discuss the results achieved with a Delphi panel in 
terms of trade-offs readjustment in a mortgage loan credit-scoring system.
5. Results analysis
This research was conducted after the intervention of the so called “Troika” (i.e. IMF-
ECB-EU), which restructured the mortgage loan approval into a more discerning and 
meticulous process. For convenience, the initial Delphi panel was composed of 15 bank 
experts (i.e. mortgage loan risk analysts with senior responsibilities), who operate in 
Santarém, Portugal. As shown in Figure 5, after the first round, the number of panel 
members was reduced to 13 and, after the second round, only 11 members provided 
their responses to the survey. Considering that there is no ideal number of experts for the 
application of the Delphi technique (Ferreira, Monteiro Barata 2011), responses from 









Initial Sample 1st Round 2nd Round
Fig. 5. Number of panel elements per round
Source: Data collected through the Delphi cpplication.
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It should be noted that the reduction of the number of panel members is anticipated in 
the Delphi methodology. Several factors can cause this reduction (cf. subsection 4.2). 
However, in our case, the reduction of the number of panel members resulted from the 
survey being the same in each round (see Appendixes 1 and 2). Moreover, in some 
cases, there were misunderstandings in the interpretation of the responses (i.e. the sum 
of the weights exceeded 100%), and, as such, those surveys were eliminated.
5.1. Analysis and interpretation of customer characteristics
The objective of the first part of the survey was to determine the degree of importance 
given by the panelists to the customers’ characteristics, particularly in terms of profes-
sion, employment status, marital status, age and household. Based on data collected 
from the panel of experts, we found that only two of the five variables are given high 
importance (i.e. the 11 experts determined that employment situation (or status) (with 
mean of 11.41% and median of 10%), and profession (with mean of 8.82% and median 
of 8%) are the elements that, in this category, should contribute more to the credit risk 
analysis) (Table 4).
Table 4. Analysis of customer characteristics




Profession 11 8.82 8.0 4.3 0.49
Employment 
Situation
11 11.41 10.0 6.14 0.54
Marital Status 11 1.68 1.5 1.4 0.83
Age 11 2.09 1.0 2.99 1.43
Household 11 1.36 1.0 1.45 1.07
Source: Data collected through the Delphi application.
Based on Table 4, one may assume that profession and employment situation/status are 
among the most important criteria due to the fact that job stability supports customers’ 
commitments better (i.e. a customer with an “essential” profession (e.g. medical doctor), 
will tend to reveal higher levels of stability).
5.2. Analysis and interpretation of customer behavior
The second part of the survey analyzed customer behavior and considered the following 
variables: cross-selling, deposit portfolio and average balance. Based on data presented 
in Table 5, we can estimate the importance of cross-selling.
According to the panelists, cross-selling is an important factor (mean of 10.59% and 
median of 10%) (i.e. the greater the portfolio of products that a customer utilizes the 
greater the potential profit margin for the financial institution). It should be noted, how-
ever, that deposit portfolio (with mean of 6.05% and median of 5%), and average bal-
Journal of Business Economics and Management, 2013, 14(4): 715–740
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ance (with mean of 7.23% and median of 7.5%) should not be neglected, because a 
client with sizable positive average balance represents a favorable indicator and induces 
financial capacity to fulfill responsibilities.
5.3. Analysis and interpretation of customer documents
The third part of the survey carries out a documental analysis, particularly in terms of 
rate of effort; responsibilities in BP, LTV and existence of guarantors. Table 6 allows 
us to conclude that the higher impact variable is the rate of effort.
Table 6. Customer documental analysis




Rate of Effort 11 19.45 20.0 6.82 0.35
Responsibilities in BP 11 12.45 12.0 4.06 0.33
LTV 11 11.95 10.0 4.25 0.36
Existence  
of Guarantors
11 3.09 4.0 2.26 0.73
Source: Data collected through the Delphi application.
It is widely known that a guarantor is a person or firm that endorses an agreement to 
guarantee/insure that commitments made by a client will be fulfilled, and assumes li-
ability if the client fails to fulfill those commitments. However, based on Table 6, we 
may observe that the existence of guarantors (with mean of 3.09% and median of 4%) 
is the variable that experts suggest has the least impact. This observation is supported 
by the fact that, frequently, guarantors are only associated with credit operations for 
representing a comfort margin, and not because there is lack of funds from borrowers. 
The LTV is seen as an important factor (with mean of 11.95% and median of 10%). In 
fact, this variable is essential because a low LTV ratio will facilitate a possible sale in 
case of default and foreclosure (e.g. auction). Accordingly, the higher the LTV ratio, the 
greater the importance of the guarantee. The rate of effort (with mean of 19.45% and 
median of 20%) seems to be the most important ratio for the Delphi panelists.
Table 5. Analysis of customer behavior




Cross-selling 11 10.59 10.0 4.16 0.39
Deposit Portfolio 11 6.05 5.0 2.43 0.40
Average Balance 11 7.23 7.5 3.92 0.54
Source: Data collected through the Delphi application.
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5.4. Analysis and interpretation of the environment
The fourth and final part of the survey analyzed the impact on credit scoring of the 
economic environment, and is represented by two variables: economic situation of the 
country and political situation of the country. It should be noted that the experts find 
this is an area of minor importance (Table 7).
Table 7. Analysis of environmental variables




Economic Situation of 
the Country
11 2.39 1.5 2.8 1.17
Political Situation  
of the Country
11 1.44 1.0 1.31 0.91
Source: Data collected through the Delphi application.
Although experts have not attributed great importance to these two variables (i.e. eco-
nomic and political situation of the country) (with mean of 2.39% and 1.44% and 
median of 1.5% and 1% respectively), it is worth mentioning that financial institutions 
will be required to use these factors in analyzing credit risk because of the IMF bring-
ing more restrictive rules for the Portuguese banking system (for more discussion on 
situational circumstances and non-financial factors, see Avery et al. 2004; Grunert et al. 
2005). The theoretical framework proposed in this study, together with information col-
lected from the application of the Delphi method, allows the development of a modified 
model for credit risk analysis.
6. Readjustment of weights
Based on the progress achieved with the panel of experts, it is possible to readjust credit 
scoring weights and develop a modified model for mortgage risk evaluation. For com-
parison, Table 8 shows the current weights that support the credit evaluation decisions 
in the target bank, while Table 9 summarizes the results obtained from the Delphi panel.













Rate of Effort 15.00
Responsibilities in BP 15.00
LTV 15.00
Existence of Guarantors 5.00
Economic Situation of the Country 2.50
Political Situation of the Country 2.50
 Source: Administrative information.
Table 9. Statistics of the 2nd round




Profession 11 8.82 8.0 4.3 0.49
Employment Situation 11 11.41 10.0 6.14 0.54
Marital Status 11 1.68 1.5 1.4 0.83
Age 11 2.09 1.0 2.99 1.43
Household 11 1.36 1.0 1.45 1.07
Cross-selling 11 10.59 10.0 4.16 0.39
Deposit Portfolio 11 6.05 5.0 2.43 0.40
Average Balance 11 7.23 7.5 3.92 0.54
Rate of Effort 11 19.45 20.0 6.82 0.35
Responsibilities in BP 11 12.45 12.0 4.06 0.33
LTV 11 11.95 10.0 4.25 0.36
Existence of Guarantors 11 3.09 4.0 2.26 0.73
Economic Situation  
of the Country
11 2.39 1.5 2.8 1.17
Political Situation  
of the Country
11 1.44 1.0 1.31 0.91
Source: Data collected through the Delphi application.
As previously described, credit scoring allows us to calculate scores between “1” and 
“10”. Given a score between “1” and “5”, the credit decision should be favourable; 
otherwise the credit decision should be unfavourable. Nonetheless, one should bear in 
mind that, when analyzing variable-by-variable, each client generates different results. 
Therefore, considering the existence of partial ratings, Table 10 provides a few guide-
End of Table 8
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lines/considerations that a financial institution may follow in order to calculate accurate 
partial (and overall) scores.
As may be easily deduced, the final (or overall) score corresponds to the sum of the 
partial weighted scores. As such, for each variable there is a weight which will influ-
ence the final decision. Consequently, we must explain that, depending on each variable, 
the assessments may change. Table 11 presents the trade-offs of both systems, which 
facilitates a direct comparison.
Table 10. Examples of partial ratings







Customer who holds several financial products 








Customer who holds a single bank account  












Table 11. Standard trade-offs vs. Delphi trade-offs
Variables N Standard Values % Delphi Mean Values %
Profession 11 12.00 8.82
Employment Situation 11 8.00 11.41
Marital Status 11 3.75 1.68
Age 11 2.50 2.09
Household 11 3.75 1.36
Cross-selling 11 10.00 10.59
Deposit Portfolio 11 2.50 6.05
Average Balance 11 2.50 7.23
Rate of Effort 11 15.00 19.45
Responsibilities in BP 11 15.00 12.45
LTV 11 15.00 11.95
Existence of Guarantors 11 5.00 3.09
Economic Situation of the Country 11 2.50 2.39
Political Situation of the Country 11 2.50 1.44
Source: Administrative information and data collected through the Delphi application.
Based on the information in Table 11, the more pronounced variations between the two 
models are associated with variables that have more weight in the final decision, and it 
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should be highlighted that experts give more emphasis to variables such as the rate of 
effort. The “new” or modified model is tested in the following section.
7. Testing the “New” model
Mortgage loan data are used in testing the “new” model. For testing purposes, Table 12 
presents information from an anonymous client.
Before readjusting the weights, it is necessary to know how the bank under analysis 
obtains the values of the partial ratings. Table 13 demonstrates the mechanism used, 
which is based on the information provided by the bank’s customers.
Table 12. Data from an anonymous customer
Profession Customer with a profession in a stable industry
Employment Status Customer with three years of permanent employment





Rate of Effort 34.60%
Responsibilities in BP Without other responsibilities
LTV 77.78%
Existence of Guarantors No
Source: Administrative information.
Table 13. Institutional analysis of mortgage loans (partial table)
Variables Categories Scoring Decision









Marital Status Single, Married, Divorced, Widower
1–5 Favourable
6–10 Unfavourable
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Variables Categories Scoring Decision
Age
< 24 Years 1
Favourable25–35 Years 2
36–50 Years 3–5





> 5 Elements 6–10 Unfavourable
Cross–selling
Customer who holds several financial 




Customer who holds a single bank account 
and households his/her salary 4–5
Customer who does not have any 







< 2.500€ 6–10 Unfavourable
Average Balance
> 1.000€ 1–2 Favourable
[0–1000€] 3–5
< 0€ 6–10 Unfavourable
Rate of Effort
< 35% 1–2 Favourable
[35%–45%] 3–5
> 45% 6–10 Unfavourable
Responsibilities 
in BP
Without responsibilities 1 Favourable
With responsibilities but without incident 2–5











Journal of Business Economics and Management, 2013, 14(4): 715–740
732
Variables Categories Scoring Decision
Economic 









Although not in its entire form, Table 13 allows the identification of partial ratings 
based on the existence of different categories for all evaluation criteria (i.e. variables). 
Table 14 allocates information provided in Table 12 to the categories presented in Ta-
ble 13. This procedure facilitates obtaining partial ratings according to the current sys-
tem of the bank.
Table 14. Results of the institutional analysis of mortgage loans
Variables Categories Scores
Profession Tertiary Sector 3
Employment Status Permanent employment (3 Years) 2
Marital Status Single 1
Age 25–35 Years 2
Household 1 Element 1
Cross-Selling Customer who holds a single bank 
account and households his/her salary
4
Deposit Portfolio [2.500€–25.000€[ 4
Average Balance [0–1000€] 3
Rate of Effort < 35% 2
Responsibilities in BP Without responsabilities 1
LTV [50%–90%] 4
Existence of Guarantors No 6
Economic Situation of the Country Stable with difficulties 4
Political Situation of the Country Stable 3
Source: Administrative information.
The data presented in Table 14 reflect the considerations made in terms of pre-estab-
lished weights. However, in order to compare the results obtained from the current and 
“new” models, Table 15 presents a few examples of partial scores calculation, which 
is anchored in values administratively defined by the bank and considers the trade-offs 
presented in Table 11.
End of Table 13
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Table 15. Score calculation (based on anchored values administratively defined)
Variables Anchored Values 
Administratively 
Defined
Current Model “New” Model
Profession 3→50 50 ⋅ 0.12 = 6 50 ⋅ 0.0882 @ 4
Cross-Selling 4→40 40 ⋅ 0.10 = 4 40 ⋅ 0.1059 @ 4
[…] […] […] […]
Rate of Effort 2→62.50 62.50 ⋅ 0.15 = 9 62.50 ⋅ 0.1945 @ 12
LTV 4→70 70 ⋅ 0.15 = 11 70 ⋅ 0.1195 @ 8
→ Administrative Decision.
Source: Administrative information and data collected through the Delphi application.
As can be observed, partial scores are obtained multiplying the anchored values previ-
ously defined by the bank administration by the respective trade-off. As such, a partial 
score is calculated for each variable, and the sum of all partial scores will correspond 
to an overall score on which the final decision will rely. Table 16 illustrates the partial 
and overall scores defined for both evaluation systems (i.e. current and “new”).
Table 16. Trade-Offs Readjustment (Current vs. “New”)
N Current Model “New” Model
Profession 11 6 4
Employment Status 11 6 9
Marital Status 11 4 2
Age 11 3 3
Household 11 4 1
Cross-Selling 11 4 4
Deposit Portfolio 11 1 2
Average Balance 11 1 3
Rate of Effort 11 9 12
Responsibilities in BP 11 15 12
LTV 11 11 8
Existence of Guarantors 11 1 1
Economic Situation of the Country 11 3 3
Political Situation of the Country 11 3 2
Total – 71 66
Source: Administrative information and data collected through the Delphi application.
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For our particular application of credit risk evaluation, the current model has an overall 
score of 71 points, while the “new” modified model has an overall score of 66 points. 
This means that the “new” model tends to be more “cautious/demanding” (according 
to the panel members) in terms of the credit approval. Figure 6 allows observing the 













Fig. 6. Overall scores and approval thresholds
Considering that Figure 6 reflects the level of risk of default of a mortgage credit 
transaction, the credit disapproval should take place when the overall score is between 
“0” to “49” points (which corresponds to the interval from 6 to 10). For approval, the 
overall score should be between 50 and 100 points (which corresponds to the interval 
from 1 to 5). For a complete analysis, one should bear in mind that if the sum of points 
is set to “0”, the level of risk is high, resulting in a final result of “10”. As previously 
discussed, both models indicate a possible approval of the credit application under 
analysis. However, while the current evaluation model offers a final result closer to 
“3”, the “new” model offers a final result closer to “4”, which represents, again, more 










Fig. 7. Overall scores and final results
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8. Final conclusions and future research
Mortgage loans are the most highly sought financial product by families in the Portu-
guese banking system. Because banks have been losing access to money and medium- 
and long-term debt markets, they have been forced to impose severe restrictions on 
access to credit, namely in terms of mortgage loans. Therefore, mortgage loans risk 
evaluation is important and becoming even more important in the future with higher 
credit underwriting standards. From this viewpoint, remarkable progress has occurred 
over the past decades in terms of credit risk modeling. However, despite the strengths 
and widespread application of the current methodologies, models, techniques and/or 
simple applications, each has specific drawbacks where clarification is required on a 
number of issues, namely in terms of transparency in the way trade-offs among evalua-
tion criteria are made explicit. Considering this, our use of a Delphi application allows 
possible readjustment of trade-offs among evaluation criteria, and provides decision 
makers with a fairer and more transparent mortgage risk evaluation system. Our pro-
posed evaluation system revealed to be more “cautious/demanding” (according to the 
panel members) in terms of the credit approval, which is in accordance with the Basel 
directives.
In broader terms, the results achieved by our Delphi application are encouraging. Nev-
ertheless, our framework is not without its limitations. In particular, difficulties in ac-
cessing confidential information (e.g. evaluation criteria weights) have been noted. It 
should also be emphasized that our analysis represents a process-oriented application 
and, because participants operate in a specific geographical area, results should not be 
extrapolated. Nonetheless, these limitations were not prohibitive factors in carrying 
out our analysis and, as a complementary process, we recommend conducting: (1) a 
different panel study in a different country (e.g. Greece, Ireland, Italy and/or Spain); 
and (2) a survey to receive feedback from more than just a few panelists. We believe 
that possible improvements will aid in strengthening the potential and interest of our 
proposal.
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APPENDIXES
Appendix 1: Delphi Survey – Round 1
Contact: 070117037@esg.ipsantarem.pt
Obs.: The present survey is composed of a single table and respective items. To ensure 
the anonymity of institutions and individuals involved, all statements provided, and their 
statistical treatment, will be fully confidential.
In terms of mortgage loan risk evaluation, what is the degree of importance (i.e. 
weight) that you give to each one of the following criteria? [From 1 to 100 (1 = Very 
minor importance, 50 = Moderate importance and 100 = Extreme importance), mark your 
preference for each criterion. Please, note that the sum of the weights should be 100%].
Area Criteria Degree of Importance %







Analysis of Customer Behavior – Cross-selling
– Deposit Portfolio
– Average Balance
Analysis of Customer Documents – Rate of Effort
– Responsibilities in BP
– LTV
– Existence of Guarantors
Analysis of the Environment – Economic Situation
– Political Situation
 Total: 100%
DELPHI SURVEY (ROUND 1)
End of Survey
Thank You for Your Cooperation!
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Appendix 2: Delphi Survey – Round 2
Contact: 070117037@esg.ipsantarem.pt
In terms of mortgage loan risk evaluation, what is the degree of importance (i.e. 
weight) that you give to each one of the following criteria? [From 1 to 100 (1 = Very 
minor importance, 50 = Moderate importance and 100 = Extreme importance), mark your 
preference for each criterion. Please, note that the sum of the weights should be 100%].
Area Criteria
Degree of Importance %
Round 1




– Profession 8.31 6.5 5.97
– Employment Status 10.69 10 5.45
– Marital Status 2.62 2 1.98
– Age 3.54 3 2.57




– Cross-selling 11.27 10 4.27
– Deposit Portfolio 5.92 5 1.93




– Rate of Effort 15.65 12.5 7.59
– Responsibilities in BP 9.31 10 4.07
– LTV 13.81 10 3.79
– Existence of Guarantors 3.77 5 2.83
Analysis of the 
Environment
– Economic Situation 3.81 3 2.69
– Political Situation 2.57 2 2.25
 Total: – – – 100%
DELPHI SURVEY (ROUND 2)
End of Survey
Thank You for Your Cooperation!
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